The research studies short-and long-run volatility dynamics between Malaysia's stock market and 14 developed and developing major stock markets in the five different regions of America, Europe, Africa, Asia and Oceania. The paper uses three multivariate generalised autoregressive conditional heteroscedasticity (MGARCH) models, namely, the Baba, Engle, Kraft and Kroner (BEKK) model; constant conditional correlation (CCC) model; and the dynamic conditional correlation (DCC) model to examine volatility relationship of different stock markets to the Malaysian stock market. Findings show that the long-term volatility relationship of Malaysia's Kuala Lumpur Stock Exchange Index's volatility with the UK's FTSE 100, Germany's DAX and France's CAC 40 found in the CCC and DCC models is a result of a long-term free trade agreement signed between Malaysia and the European countries. Unstable volatility relationship is found between Malaysia and China's stock markets. Similar situations are observed in Malaysia's steady or unstable economic relationships with the other countries stock markets, which can be either a product of strong trading and investing partnerships or political and social conflicts. The BEKK model confirms these volatility spillovers, and concludes that volatilities are not only determined by their own lagged values, but cross-volatility spillovers from other countries also exist. Results show that most of the stock indices have significant spillover effects on the stock market of Malaysia, which confirms evidence of growing market integration. In general, a study on volatility transmission plays an important role in identifying vulnerabilities of certain stock markets against other markets, which helps in determining better investing decisions that can minimise losses, and can even improve returns depending on the hedged position taken by the investor.
Introduction
The Malaysian financial system has transformed into becoming one of the major financial centres in the ASEAN region. In the midst of stronger economic and financial integration, Malaysia's financial sector is playing a more prominent role in intermediating financial resources in the region and in other emerging and developed economies. The financial system's efficient management of monetary resources a transformed the country into becoming a high-income and high value-added economy. This led the financial markets into having a more diversified and stable financial system. The Central Bank of Malaysia aims to transform the country into a financial hub of Asia (Ibrahim, 2010 ). Malaysia's financial market is regulated by Bursa Malaysia or Malaysian Stock Exchange, which was previously known as the Kuala Lumpur Stock Exchange. The Kuala Lumpur Stock Exchange Composite Index (KLSE) is the main index for Bursa Malaysia. While most of the securities and derivatives were traded through Bursa Malaysia, it also plays the role of vanguard in the fair and orderly Malaysian capital market.
The market capitalisation of Bursa Malaysia amounted to US$156 billion at the end of 2012. Figure 1 shows the steady growth that Bursa Malaysia experienced from 2003 to 2012. The decline during 2008 was due to the subprime mortgage crisis, which was a systemic problem experienced by all countries. In 2006, Bursa Malaysia first partnered with FTSE to provide a collection of indices to enhance market performance and to offer a selection of benchmark indices. The FTSE Bursa Malaysia KLSE Index comprises of the largest 30 companies by market capitalisation, including the famous Resorts World Genting, Hong Leong Bank and Petronas.
According to UNCTAD (2014) , although Malaysia's foreign direct investment (FDI) inflow ranks only fourth among the ASEAN economies, the net FDI inflows grew impressively by 22.2 percent to US$12.3 billion (RM39.6 billion) in 2013, compared with US$10.1 billion in the previous year. This means that Malaysia is an attractive country to investors just behind Singapore, Indonesia and Thailand. In terms of percentage in GDP, the average value from 1970 to 2013 was 3.76 percent with a minimum of 0.06 percent in 2009 and a maximum of 8.76 percent in 1992. According to the global economic report of UNCTAD, the total inflow of FDI in year 2013 accounted for 3.71 percent of Malaysia's GDP. Based on a study by Ang (2008) , the Malaysian real GDP 
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has a significant positive impact on the inflow of FDI, and the increase in financial development, infrastructure development and trade openness also promote FDI. On the other hand, foreign portfolio investments (FPI) inflow, which go directly to Malaysia's financial markets amounted US$18.93 billion in 2012, according to data retrieved from the World Bank. Duasa and Kassim (2008) provided good insights on the mixed effect of FPIs on the Malaysian financial markets and economy using the Granger causality test. The authors found that FPIs from the UK and Singapore contribute positively; however, FPIs from the US and Hong Kong negatively impact the economic growth and financial markets of Malaysia. A similar study was also done by Lean and Teng (2013) using multivariate generalised autoregressive conditional heteroscedasticity (MGARCH) models to study the volatility impacts of the US, Japan, China and Indian stock markets on the Malaysian financial market. The study found that there is strong financial integration between the stock markets of Malaysia with Japan, India and China, while a waning volatility spillover effect was observed with the US because of the strengthening regional integration in Asia.
This paper expands the existing literature by applying MGARCH models to better capture the short-and long-run volatility dynamics. This research expands its data by including stock markets from five different regions such as America, Europe, Africa, Asia and Oceania in order to examine a more global volatility relationship among different stock markets to the Malaysian financial market instead of focusing only on the US and major Asian stock markets. The power of MGARCH model lies in determining an asset's volatility transmission to another asset directly through its conditional variances; and indirectly through its conditional covariance. MGARCH models are formulated to model volatility relationships between two time-series data, which offer relevant information on risk measures and spillovers. Bollerslev (1990) introduced the first MGARCH model through the constant conditional correlation (CCC) model. The CCC model improves the estimates by using non-parametric models, and by extending the correlation to a more adaptive model. Engle and Kroner (1995) proposed the second MGARCH model through the synthesized Baba, Engle, Kraft and Kroner (BEKK) model, which allows cross dynamics of conditional covariance. Engle (2002) augmented a constrained dynamism in the correlations through the dynamic conditional correlation (DCC) model to capture changes in the short-and long-run volatility persistence.
The research is motivated by limited empirical studies using a combination of the three MGARCH models in looking at volatility linkages of major stock markets around the globe with the Malaysian stock market. The study is also inspired by the continuously growing financial market of Malaysia and its importance as a financial trading hub over the last decade. This has been brought about by the growing integration among global economies because of signed trade agreements among its trading partners. Another motivation is that from the financial regulator's perspective, increased integration leads to higher volatility which requires stronger structural and regulatory adjustments if necessary. This is also a way to strengthen the economy and financial markets in the face of greater volatility regimes which may lead to economic and financial crises if remained uncontrolled for a longer period.
The focus of this paper on Malaysia is an interesting subject due to the rich history of the economy's financial reform which leaves a strong effect on the economic structure of the country. The purpose of the study is to provide an examination on the impact of major global stock markets and regional stock markets on the Malaysian financial market, and vice versa. The power of multivariate GARCH (MGARCH) models in analysing the co-movements of financial stock volatilities made this paper apply the methodology. It is always essential to estimate, construct, evaluate and forecast the covolatility dynamics of financial asset returns of portfolios, and these can be substantially fulfilled by the application of MGARCH models. This paper analyses the volatility relationship of fifteen major stock markets with the Malaysian stock market, using three multivariate volatility models, namely diagonal BEKK, CCC, and DCC; and compares the performances of these models to identify which of the multivariate methods considered is best to model the stock markets relations.
The study fulfils a gap in the literature of Malaysia's financial markets like: a) the use of diverse multivariate models to examine volatility relationship; b) the changes (i.e., short-vs. long-run) in the volatility transmission; and c) the degree of integration (i.e., stronger or weaker) with the major financial markets and its trading partners. This paper contributes to the literature by expanding the volatility relationship of the major global stock markets with Malaysia, and augmenting the literature on volatility dynamics using MGARCH models. The main objectives of this research are to: (i) identify the presence of long-and short-run persistence on the relationship of the 14 major stock markets with the Kuala Lumpur Stock Exchange, (ii) determine if the volatility relationship is transmitted within the markets through their own conditional variances or through their conditional covariances, (iii) examine if volatility is constant or varies over time, and (iv) identify which multivariate model can best determine the relationship among the major global stock markets and KLSE. This paper is divided in four sections. Section 2 reviews the related literature. Section 3 presents the data and explains the methodologies of the paper. The last section provides the conclusion and limitations of the paper, and recommendations for future studies.
Literature Review
Globalisation and the growing regionalisation made the world's economy more integrated and interdependent creating positive and negative innovations with no regard to physical boundaries. The study on Malaysia's bilateral trade relationship by Yusoff (2005) suggested bi-directional linkage with Singapore, as Malaysian exports have caused imports from Singapore to increase. Regarding the relationship of Malaysia to the US, the recent study of Rinehart (2014) supports the claim of the earlier study by identifying Malaysia as the top 18 in the main suppliers of US imports and top 25 largest market for US exports, while the US is Malaysia's top 4 largest export markets and also ranked top 4 in the main suppliers of Malaysian imports in year 2013. The expanding influence of regionalisation cannot also be discounted, Patel (2013) showed the integration between India with other Asian equity markets, from Sri Lanka, Korea, China and Singapore; specifically, the study finds that the Indian stock market has a unidirectional effect on the Pakistani stock market.
The spillovers of returns and volatility among closer geographical territories are more evident in the literature like the recent study of Krause and Tse (2013) who discovered bi-directional relationship between the stock markets of the US and Canada. This was also proven by the studies of Singh, Kumar and Pandey (2010) and Miyakoshi (2003) when they discovered that Asian market volatility is influenced by Japan's financial market more than that of the US. Worthington and Higgs (2004) also indicated that volatility integrations across Asian stock markets are statistically significant, as well as own-volatility spillover effects are higher than cross-volatility spillover across the countries' stock markets, especially in the emerging economies. A unique finding of Yilmaz (2010) showed that spillovers of volatility and returns across East Asian equity markets behave very differently from time to time, during crisis and non-crisis periods, with burst in volatility spillover rather than returns spillover during the major crisis period. The effects of crises periods were also observed by Zhou, X., Zhang, W. and Zhang, J. (2012) and Allen, Amram and McAleer (2013) who showed a little evidence of volatility spillover effects from the Chinese stock markets to the US stock markets during the global financial crisis (GFC) period, but no evidence of spillover effects found in the post-GFC period. Korkmaz, Çevik and Atukeren (2012) also studied a group of countries called CIVET countries (i.e., Columbia, Indonesia, Vietnam, Egypt, Turkey and South Africa) and found the existence of intraregional and interregional returns and volatility spillover effects among the economies. Furthermore, the research of Singh, Kumar and Pandey (2008) revealed high correlation among the European markets region, as well as the influence from Japan, South Korea, Singapore and Hong Kong stock markets, while the US market is influenced by both European and Asian markets.
The literature has also shown wide applicability of MGARCH methodologies on the linkages of international equity markets. A recent study of Alotaibi and Mishra (2015) utilising BEKK, CCC and DCC models indicated significant local spillover effects in all five GCC (Bahrain, Oman, Kuwait, Qatar and the United Arab Emirates) markets, while the regional spillover influence from Saudi Arabia also appear to positively influence Kuwait, Oman, Qatar and the United Arab Emirates, but negatively affects Bahrain. The study of Thao, Daly and Ellis (2013) using GARCH-BEKK, CCC and DCC models also discovered that Japan was most influenced by spillover effects from the US during the GFC period, and the impact are likely to transmit to East Asian countries via Japan. Another related study of Wang and Moore (2008) using the DCC-EGARCH model showed statistically significant dynamic linkage between three emerging countries in the Eurozone markets during crisis and increased correlation during the post-crisis period. The study of Majdoub and Mansour (2014) used three multivariate GARCH models including BEKK, CCC and DCC to examine the dynamic correlation of volatility of the US market with five Islamic emerging markets including Turkey, Indonesia, Pakistan, Qatar and Malaysia. The GARCH-BEKK results revealed the weak volatility correlation in all country-pairs, which suggest the weak linkage between US and Islamic emerging markets. However, the CCC and DCC models showed low correlation integration over time, which suggest the weak integration across markets and low influence of US markets on the Islamic emerging markets.
The above literature demonstrated that volatility transmissions happen in global and regional financial markets, and volatility persistence can be constant over time or can also become dynamic and constantly changing depending on market characteristics and shocks like financial crises or economic depressions. This part of the paper expounds the three MGARCH models, which are applicable to constant conditional correlations (CCC model) and dynamic conditional correlations (DCC and BEKK models), and are adapted on the discussions provided by Chang, McAleer and Tansuchat (2011) .
Data and Methodology

Constant Conditional Correlations Model
The CCC multivariate GARCH model was proposed by Bollerslev (1990) and offers better estimates by utilising non-parametric models and by having a more suitable model for the constant conditional correlation. CCC can be represented below: ,
where denotes a series of independently and identically distributed (iid) random vectors of stock returns, represents the previous available information at particular time t, means a diagonal matrix of conditional variances.
McAleer (2005) and Bauwens, Laurent and Rombouts (2006) further expanded the model in the constant conditional correlation matrix of the unconditional shocks giving equal to the constant conditional covariance matrix of the conditional shocks, , (3) where represents the ARCH effect, or the short run persistence of shocks to return i, denotes the GARCH effect, and stands for long run persistence.
Dynamic Conditional Correlation Models
The DCC model was proposed by Engle (2002) and generated a time-dependent conditional correlation matrix. The model can be shown in the following form:
where denotes a diagonal matrix of conditional variances, and F t represents the information set at time t.
The conditional variance, h it , follows a univariate GARCH model, given as (6) Given as a vector of iid random variables with zero mean and unit variance, in Eq. (4) stands for conditional covariance matrix (after standardisation, ). The is used to estimate the DCC as below: (7) where the k x k symmetric positive definite matrix Q t is calculated as: (8) where ϑ 1 and ϑ 2 express the scalar parameters that stands for the effects of past shocks and past dynamic conditional correlations on the present dynamic conditional correlation.
These are also non-negative scalar parameters that fulfil the condition ϑ 1 + ϑ 2 < 1, which also means that Q t > 0. Q t in Eq. (8) is a conditional covariance matrix, given ϑ 1 = ϑ 2 = 0, and is the k x k unconditional variance matrix of . 
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The DCC model is non-linear but may be estimated by using a two-step method: (1) utilising a series of univariate GARCH estimate, and (2) adapting a correlation estimate, all based on the likelihood function (Caporin & McAleer, 2009 ).
Baba, Engle, Kraft and Kroner Model
The BEKK model was suggested by Engle and Kroner (1995) to adapt with the presence of dynamic conditional correlations. The model has a characteristic that the conditional covariance matrices are definitely positive. The BEKK model for multivariate GARCH (1,1) is shown below:
The matrices C, A and B's individual elements are represented as:
Given , denotes the Kronecker product of two matrices, which are less than one in the modulus for covariance stationary (Silvennoinen & Terasvirta, 2008; Chang et al., 2011) . The conditional variances are functions of their lagged values and lagged squared stock value shocks, while the conditional covariances are functions of the lagged covariances and lagged crosscountry of the corresponding stock value shocks from the diagonal formulation. This demonstration ensures that H t is positive definite for all t.
The BEKK (1,1) model has N(5N+1)/2 parameters (Caporin & McAleer, 2009) . Given the equation B=AD where D is a diagonal matrix, the number of estimated parameters are decreased, and the above equation will be changed to: (11) where , i=1,2 represents a stationary series. The parameters of the covariance equation are results of the subsequent parameters of the two variance equations ( ). Table 1 shows descriptive statistics of daily closing prices of the 15 main stock indices under study. The stock market of South Africa posted the highest average returns with 6.2 percent, followed by India with 5.5 percent, and Nigeria with 5.4 percent. Malaysia's main stock index is in 6th place with 2.9 percent. It can be observed that most of these countries came from emerging African economies. Apparently, none of the stock indices showed negative average returns. The stock market of India posted the highest standard deviation of 1.595, followed by mainland China with 1.593 and Egypt with 1.551. India and mainland China are currently experiencing rapid changes in the economy, while Egypt has been constantly plagued by political turmoil. The three lowest standard 
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deviations are New Zealand with 0.695, South Africa with 0.841 and Australia with 0.964. Most of stock prices' returns are negatively skewed with the exception of Germany and France, which is consistent with the relatively high returns experienced by the stock markets under study. All stock prices are leptokurtic, which entails that higher abnormal returns are present in the observations. The significant number of JarqueBera test statistics showed that 15 stock market prices are not normally distributed. Table 2 illustrates statistics of time-series data using ARMA and GARCH filters. The Augmented Dickey-Fuller (ADF) test was applied initially to check whether the stock market indices are stationary and has no unit. The paper observes that all indices showed significant results at the 1 percent level in the ADF test. The Akaike Information Criterion (AIC) was applied in order to select the best lag length for both ARMA and GARCH models. From the suggested specifications of the lowest AIC, we have chosen the suitable lags. For example, the result of the AIC test showed that lag orders (2,1) are best suited for the KLSE indices in both ARCH and GARCH models. The results also indicated that the null hypothesis of no serial correlation cannot be rejected for all of the stock indices, with the exception of the United Kingdom, France, India and mainland China, through the Lagrange Multiplier (LM) test. To identify the ARCH effect on the stock price indices, the autoregressive conditional heteroscedasticity LM (ARCH-LM) test is used. From the table, results showed the presence of heteroscedasticity problems in all of the stock price indices significant at the 1 percent level. GARCH filters were applied, and the best lag order was determined using the AIC test. After the test, all stock price indices showed insignificant results in the last column, which means that the heteroscedasticity problem was resolved. Table 3 illustrates results of the constant conditional correlation (CCC) model among the country pairings. The lowest AIC again was utilised initially to determine the best fitting lag length for each model. Results demonstrate that most of the best lag order is (2,2), with the exception of the Malaysia-India pair, which is best modelled by the (1,2) order; and Malaysia-Australia, and Malaysia-New Zealand pairings, which are best modelled by (2,1) orders. To verify if the multivariate ARCH effects are present in the indices, the tests proposed by Hosking (1980) and Li and McLeod (1981) were used. Findings showed that most of the indices are applicable for the time-series using CCC, with the exception of Malaysia's volatility pairings with the stock indices of Canada, China, Indonesia, Egypt and Nigeria.
Constant vs. Dynamic Volatility Linkages
The table further shows that all of the ARCH (α) and GARCH (β) estimations showed significant results, which means long-run persistence does exist among these countries indices with the Malaysian index. For example, the changes and shocks in the volatility series of KLSE can also be affected by the US's S&P 500 (0.058) and DOW (0.052), UK's FTSE (0.167), Germany's DAX (0.144), France's CAC 40 (0.168), Japan's Nikkei (0.330), Australia's ASX (0.311) and New Zealand's NZE (0.219) over the long horizon. The top three stock indices with the strongest effect are the Japan's Nikkei, Australia's ASX and New Zealand's NZE, which all have relatively strong trading relations with the Malaysian market in terms of FDIs and FPIs. Some of these empirical results are significantly *, ** and *** are significant at 10, 5 and 1% levels, respectively; p-values are in parentheses.
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consistent with the previous findings of Li and Giles (2013) , Padhi and Lagesh (2012) and Liu (2007) for the volatility spillover experienced by Japan, India and mainland China respectively. Results of alpha + beta are larger than 1 (α + β >1) in most of the country pairings to satisfy the conditions of Quasi Maximum Likelihood Estimator (QMLE). The CCC coefficients all present significant results for every stock market index paired with the KLSE, except for the pairings which do not satisfy the initial multivariate GARCH tests. The CCC estimates confirm constant return volatility relationships among stock exchanges of these economies in the long-term. Generally, criticism of the CCC model is its assumption of having constant or nonchanging relationship between economies' volatility. The presence of dynamic or changing volatility relationships can be possibly present because of sudden spikes in volatility as a product of sudden political and economic tensions. Table 4 shows the results of the dynamic conditional correlation (DCC) model among the country pairings considered under study. The lowest AIC again was utilised initially to determine the best fitting lag length for each of the country-pairings. Findings illustrate that most of the best lag order is (2,2), with the exception of Malaysia-India, Malaysia-Nigeria and Malaysia-Indonesia pairings, which are best modelled by the (1,2) order; and MalaysiaAustralia, Malaysia-New Zealand and Malaysia-Egypt pairings, which are best modeled by (2,1) orders. The tests suggested by Tse (2000) and Engle and Sheppard (2001) were used to examine if the multivariate ARCH effects are present in the indices for CCC model, while Hosking (1980) and Li and McLeod (1981) were used for DCC. Findings showed that most of the indices are applicable for the time-series using DCC, with the exception of Malaysia's pairings with the stock markets of Japan, Australia, New Zealand, Egypt and Nigeria.
The table further illustrates that most of the ARCH (α) and GARCH (β) estimations showed significant results, which means long-run persistence does exist among these countries indices with the Malaysian index. For example, the changes and shocks in the volatility series of KLSE index can also be affected by the US's S&P 500 and DOW, Canada's TSX, UK's FTSE, Germany's DAX, France's CAC 40, India's BSE, China's SSEC and South Africa's JSE. Similar to the CCC model, results of alpha + beta mostly satisfy the conditions of Quasi Maximum Likelihood Estimator (QMLE). Significant DCC coefficients that were consistent with the initial CCC estimates are the stock market pairings of KLSE and FTSE 100 of the UK (0.957); while KLSE and BSE of India (0.734) confirm a longterm volatility relationship. Both the short-term and long-term volatility relationships of the KLSE and DAX of Germany (0.016 and 0.961, respectively); KLSE and CAC 40 of France (0.011 and 0.972, respectively); and KLSE-SSEC of mainland China (0.030 and 0.911, respectively) were also captured by the DCC model. These three stock markets have relatively stronger trading relations with the Malaysian market because volatility relationships exist in both the short term and long term.
Economic Significance of Constant and Dynamic Volatility Linkage
The long-term volatility relationships of the KLSE with FTSE 100, DAX and CAC 40 found in both the CCC and DCC models are a result of long-term FTAs signed between Malaysia and the respective European countries. Khandekar (2013) explained that the FTAs have Note: *, ** and *** are significant at 10, 5 and 1% levels, respectively; p-values are in parentheses. Note: *, ** and *** are significant at 10, 5 and 1% levels, respectively; p-values are in parentheses. Note: *, ** and *** are significant at 10, 5 and 1% levels, respectively; p-values are in parentheses. Note: *, ** and *** are significant at 10, 5 and 1% levels, respectively; p-values are in parentheses.
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largely contributed to strengthening the trading relationships among these countries, which is consistent with the earlier findings of Melvin and Peiers (2003) research on volatility spillovers from Europe (i.e., UK, Germany and France) to Asian countries. As mentioned earlier the volatility relations between the KLSE and the BSE of India can be a product of the Malaysia-India Comprehensive Economic Cooperation Agreement, and is consistent with previous studies of Padhi and Lagesh (2012) , and Mukherjee and Mishra (2008) on the volatility spillover linkage between India and Malaysia. The dynamic volatility relationship between Malaysia and China's stock markets, as represented by the significant short-run coefficient of 0.030, and significant long-run coefficient of 0.911 can be attributed to the unstable situation in the South China Sea, wherein China is claiming territories in the submerged reef under turquoise seas about 80 kilometres off Malaysia's Borneo island state of Sarawak. According to Reuters, Malaysia has been playing down security concerns in pursuit of better economic ties with its biggest trade partner, China, but the dispute may prove volatile situations are ahead.
The DCC model identified significant volatility linkage between the KLSE and South Africa's JSE, which is represented by 0.861. This can be attributed to the implementation of the Malaysia-Africa Business Forum in 2011 (MATRADE, 2011), which will enhance Malaysia's investments in South Africa in petro-chemicals, telecommunications, real estate and tourism. Volatility relations also exist between Malaysia and Canada's stock markets, and this can be attributed to Malaysia as being Canada's third largest commodities trading partner among the ASEAN countries according to the High Commission of Canada (2014). Table 5 shows the results of the diagonal BEKK model among the country pairings that this study considered. Initially, the lowest AIC was utilised to decide on the best lag length that suits each model. Results demonstrate that most of the best lag order is (1,2), with the exception of the Malaysia-Australia pair, which is best modelled by the (1,1) order.
Own Lag and Cross-volatility Relations
The test proposed by Hosking (1980) and Li and McLeod (1981) were used to verify if the multivariate ARCH effects are present in the indices. Results showed that most of the indices are applicable for the time-series using diagonal BEKK, with the exception of Malaysia's volatility pairings with the stock indices of Australia, New Zealand and Nigeria.
The table illustrates mostly statistical significant values of parameters A and B matrices, plus the C matrix, which contains the diagonal BEKK model. The values of A matrix (alpha numbers) signify that conditional variances only depend on their own lags, in which current return volatilities can be defined by their own lagged values. Results showed that the stock prices of Malaysia's KLSE are significantly affected by its own lagged volatilities; and this is also the case with most of the remaining indices. On the other hand, the values of B matrix (beta numbers) imply that conditional covariance of these stock market returns are also a function of lagged covariance or the lagged cross-products of the shocks among the thirteen stock markets. This means that their volatilities are not only determined by their own lagged values, but cross-volatility spillovers from other countries are also happening at the same time. Empirical results showed that most of the indices presented significant spillover effects from other countries' lagged volatilities on the stock market of Malaysia's KLSE, which confirms evidence of growing market integration in terms of volatility.
The significant findings of the C matrix confirm the results of both A and B matrices. This proves that the diagonal BEKK model captures the cross-volatility relationships of these countries' major stock market indices. These findings verify that most of the indices have a significant volatility relationship with Malaysia's KLSE, which are consistent with the previous findings of Li and Giles (2013) , Mahomed (2013) and Padhi and Lagesh (2012) for Japan, South Africa and India, respectively.
Economic Significance of Volatility Spillovers
The world's economy, particularly its financial markets, has become more integrated and interdependent with the establishment of economic agreements resulting in ripples with no regard to physical boundaries. Heaney and Hooper's (1999) study established that financial market connection is possible through economic trade agreements. Looking at the Asia-Pacific Economic Cooperation (APEC), the authors argued that current and future cash flows generated by companies within might become highly correlated as a result of the agreement, and that market returns might be partially explained by regional returns. In line with this, Hooy and Goh (2010) also mentioned that these correlations are possible, because provisions of trade agreements such as the North American Free Trade Agreement (NAFTA) and the ASEAN (Association of Southeast Asian Nation) Free Trade Agreement (AFTA) call for lowered and removed barriers to equity transactions such as payments of dividends, interest and capital gains among members. The relationship between both the US's S&P 500 and Dow stock indices support the study of Ng (2000) on the volatility transmission from the US stock market to the Pacific countries, which supports the significant variance linkage between the US and Malaysian markets. This is attributed to the strong trading relationship between the two countries. Malaysia is one of the top 18 main suppliers of US imports and top 25 largest markets for US exports, while the US ranked top 4 in both Malaysia's export and import markets (Rinehart, 2014) . Both countries' governments should work hard in order to maintain this trading relationship in order to enhance the economic growth and to further fulfil the demands of global customers. On one hand, according to the High Commission of Canada (2014), volatility relations that exist between Malaysia and Canada's markets can be a result of Malaysia being Canada's third largest commodities trading partner among the ASEAN countries, with bilateral trade volume that reached approximately US$3 billion while Canadian commodities export to Malaysia were valued at nearly US$780 million in 2013. The countries could strengthen their trading volume in the electrical equipment and machinery sector as this is one of the most popular commodity that is being traded between countries.
The Free Trade Agreement (FTA) signed between Malaysia and European countries in 2010 has widely contributed to building up a strong trading relationship among these economies (Khandekar, 2013) . Most of the merchandises being traded between the countries are machinery and transport equipment as well as animal and vegetable oils. The government should reinforce increasing the trading volume on these sectors in order to improve trade relationship. Additionally, volatility relations between the KLSE and the BSE of India can be a product of the Malaysia-India Comprehensive Economic Cooperation Agreement, which facilitated and enhanced bilateral trade in commodities, services, and investment as well as economic relations between the countries. The previous studies of Padhi and Lagesh (2012) , and Mukherjee and Mishra (2008) also illustrated the volatility spillover linkage between India and Malaysia. The governments should further cooperate in the development of the palm oil industry, man-made fabrics, food items, and trade of machineries that process these products. The significant volatility transmission linkage between mainland China and Malaysia's stock markets has been explained earlier by Liu (2007) through the elevation of the Framework Agreement on Comprehensive Economic Cooperation that was signed by China and ASEAN in year 2002 (MITI, 2012) . Since most of the merchandise traded between China and Malaysia are intra-industry commodities, this paper suggests that both governments should cooperate more in other sectors such as high-tech industries and financial service sectors. The study of Li and Giles (2013) explains the strong volatility linkage between the Malaysian and Japanese stock markets. The Japan-Malaysia Economic Partnership Agreement is the free trade agreement that was signed and implemented by Japan and Malaysia in 2006. This agreement has partial restrictions on trading, which could enhance the trading relationship in the long term (Rahman, Molla, & Murad, 2008) . It is further recommended that the government should encourage exporters and importers by providing incentives such as tariffs and quota adjustments to boost the trading relationship.
In comparing the best fitting models among the MGARCH models, this study utilised the log-likelihood values. Between the DCC and CCC models, most of the highest log-likelihood values prefer the DCC model, with the exception of KLSE's pairings with the US's S&P 500 and DOW as well as Canada's TSX. Log-likelihood values for the above pairings showed similar results in both DCC and CCC models. On the other hand, the log-likelihood values of BEKK model are also lower than the DCC model. This paper concludes that the DCC model is best suited among the country pairings, which is consistent with the earlier studies of Su and Huang (2010) because it captures both short-and long-run volatility changes.
Conclusion
Malaysia as one of the fastest growing economy among Southeast Asia countries have attracted substantial foreign investment as well as developing and maintaining trading relationships with countries all over the world. This paper utilised three different multivariate GARCH models to examine volatility dynamics across five different regions all over the world from January 5, 1999 to March 13, 2015. Volatility transmission determination plays an important role in verifying correlations among countries' economy and stock markets. The CCC model present significant findings for every stock market index paired with the KLSE index, which confirms constant return volatility relationships among stock exchanges of these economies in the long term. However, a criticism of the CCC model is its assumption of having non-changing relationship between stock returns' volatility. The existence of changing volatility relationships can possibly be present in times of sudden political and economic tensions. For example, the dynamic volatility relationship between Malaysia and China's stock markets, can be due to the unstable situation in the South China Sea, where China is claiming territories near Malaysia's Borneo island state of Sarawak. On the other hand, steady long-term volatility relationships between Malaysia's main stock index and the UK's FTSE 100, Germany's DAX and France's CAC 40 as found in the CCC and DCC specifications are attributed to the long-term FTA signed between Malaysia and the European countries.
Similar findings were observed in Malaysia's steady economic relationships with other countries' stock markets, which are products of strong trading and investment partnerships like the significant volatility linkage between Malaysia and South Africa's JSE, which can be attributed to the implementation of the Malaysia-Africa Business Forum enhancing Malaysia's investments in South Africa in petro-chemicals, telecommunications, real estate and tourism. The BEKK model confirms these volatility relationships and adds that these stock markets' volatilities are affected by their own lagged volatilities, and cross-lagged covariance from other stock markets. The loglikelihood values identified the best fitting model among the three MGARCH models applied, which favours the DCC model over the CCC and BEKK estimations. This confirms the fact that the DCC model is better in judging volatility dynamics in global stock markets due to rapid economic growth and increase of globalisation among regions. These results can provide economic significance to the investing community, especially traders in stock markets as a possible basis for investing strategies in Malaysia. Furthermore, the public or even the government can have a better knowledge of the volatility transmission linkages between Malaysia and global regions. Among the academe, researchers can gain new insights in the volatility spillover relationships among different regions, particularly those with few studies in the literature, which can provide wider avenues for future research. This paper has included 15 stock market returns to represent five different continents. Although it has considered a number of major stock markets, the study still cannot claim a global representation. Our study only included Malaysia, the United States, Canada, the United Kingdom, Germany, France, Australia, New Zealand, Japan, China, India, South Africa, Nigeria and Egypt which ignores other countries especially from the developing economies. As the emerging markets become increasingly integrated globally, these economies should not be underestimated. Further studies are suggested to include more emerging stock markets to gain a more global stock market relationship.
The study also centred on the pairings of the KLSE index with other major stock markets. However, other possible market pairings (e.g., France-Nigeria, Australia-India and Canada-Egypt) are very much possible and can provide substantial information, but were not covered. Thus, it is suggested that future studies consider other market relationships to get wider results. Another perceived limitation is the lack of creating a more solid connection in the literature with findings coming from less common countrypairings for our research. For example, to the best of our knowledge, no studies have yet been done on the relationship of Malaysia's stock market with the financial markets Volatility Integration of Global Stock Markets with the Malaysian Stock Market of South Africa, Egypt and Nigeria because most of the previous researches emphasise the linkage between Malaysia and the US, Japan, China, India and other ASEAN countries. Therefore, the limitation of providing a better connection with previous literature is expected. Nevertheless, this paper can advance knowledge by providing fresh information among the less common market pairings for the investing public.
Methodology limitations were also identified, MGARCH models applied cannot capture important data characteristics like volatility asymmetries and leverage effects. The extant literatures have been adamant in stressing the importance of identifying these properties, because negative shocks have a wider impact on volatility than positive news. These multivariate models cannot also control external factors (i.e., stronger Asian economies like China, India and Japan) that might affect volatility relationships of Malaysia to other non-major players. Future theoretical and empirical studies can augment the MGARCH models to capture the above mentioned limitations by adding models that cover asymmetries, leverage effects, and control of other variables. The relatively few number of studies using MGARCH models will again limit the research in providing better literature connection in our future findings. However, this paper can again provide extensions that will push topic boundaries for the academic community.
